Abstract In April 2001, a 9-year-old child was attacked and killed by dingoes on Fraser Island, Australia. The Dingo Management Strategy formulated in response to this incident proposed ultrasonic deterrents as one of a number of non-lethal management techniques requiring further investigation. In this paper, we describe a preliminary examination of an ultrasonic deterrent to dingoes using four captive animals as test subjects. Although replication was minimal, the use of a simple experimental design, in combination with a flexible analytical technique, sufficiently demonstrated that the unit tested produced no measurable effect as a deterrent to test subjects.
Introduction
On 30 April 2001, a 9-year-old boy was fatally mauled by two dingoes (Canis lupus dingo) at the Waddy Point camp ground on Fraser Island, Queensland, Australia. Subsequent to this attack, the Queensland Parks and Wildlife Service (QPWS), the government agency responsible for the management of Fraser Island, formulated the Fraser Island Dingo Management Strategy (FIDMS; EPA 2001) . The FIDMS recognised the importance of the Fraser Island dingo population-from both conservation and tourism standpoints-and the congruent needs of preserving dingoes whilst ensuring human safety. To better meet these dual needs, the FIDMS proposed the testing of a variety of non-lethal strategies for limiting and reducing the number of animals loitering around camp sites, resorts and other areas of high human use, thereby minimising the potential for negative dingo-human interactions. Ultrasonic (i.e. above human hearing range, >20 KHz; Stewart 1984) deterrents were identified as one of several aversive and disruptive strategies requiring further investigation (EPA 2001) .
A number of studies have investigated the effectiveness of ultrasound as a deterrent in a variety of different species, including rodents (Sprock et al. 1967; Greaves and Rowe 1969; Meehan 1976; Lavoie and Glahn 1977; Shumake et al. 1982) , deer (Curtis et al. 1995; Belant et al. 1998) , bats (Hurley and Fenton 1980; van der Ree et. al. 2002 ), birds (Woronecki 1988 , kangaroos (Bender 2001 (Bender , 2003 , domestic cats (Mills et al. 2000; Nelson et al. 2006 ) and domestic dogs (Blackshaw et al. 1990 ). As far as can be ascertained, ultrasonic deterrents have not previously been tested on non-domestic canids, in captive or wild situations, although sonic (i.e. within human hearing range, <20 KHz; Stewart 1984) deterrents have [Linhart et al. 1984 (coyotes, Canis latrans); Linhart et al. 1992 (coyotes); Breck et al. 2002 (grey wolves, Canis lupus) ]. In almost all of the studies cited above, ultrasonic deterrents demonstrated little capability of causing startle effects or avoidance behaviour in target animals.
Reviews of audiogenic (i.e. sound based) deterrents by Bomford and O'Brien (1990) and, to a lesser extent, Koehler et al. (1990) have criticised the lack of rigour in the experimental design of many, if not most, ultrasonic experiments. Inadequate replication and pseudoreplication, lack of controls, lack of independence, unaccounted for temporal and spatial variation, and habituation of test subjects were some of the problems identified by Bomford and O'Brien (1990) . The present study was designed to assess the effectiveness of a commercially available ultrasonic device on captive dingoes. While still greatly constrained in terms of sample size, replication and duration, one of the study's major aims was to address some of the other identified problems mentioned above and demonstrate the benefits of a more rigorously designed experiment in terms of overcoming limitations, using very simple and affordable methods, in combination with a flexible analytical technique.
Materials and methods
The study consisted of trials with captive dingoes, as the logistics involved using a similar approach involving wild individuals was prohibitive. Captive trials were conducted at the facilities of the Dingo Conservation and Education Society of Queensland (DCESQ), Rochedale, Queensland. Four dingoes, two males (Wanji and Eenie) and two females (Dixie and Opal), each individually housed, were used for this experiment. All four pens opened into a communal exercise area, which served as the main experimental area.
Prior to the experiment-proper, five familiarisation sessions were carried out over a period of several weeks. Each session usually lasted between 1 h and 2 h in duration, and consisted of researchers interacting with dingoes in the communal exercise area, at the same time introducing them to experimental materials.
The Weitech Yard and Garden Protector (YGP) ultrasonic unit was used during the experiment. Measurements taken using a sound pressure level (SPL) meter revealed no reflected sound behind the unit. When using a 20-KHz filter, the SPL meter gave an average reading of 82 dB directly in front of the YGP unit. In an effort to gauge the acoustic properties of the unit, an ANABAT II (Titley Electronics Pty. Ltd.), a device designed to detect the ultrasonic calls of microbats, was utilised (sensu Bender 2003) . The YGP unit was found to produce sound in a very narrow band of frequencies, between 24 KHz and 25 KHz, with a cycle taking only around 100 ms. The DCESQ facility was also tested for ambient ultrasonic noise using the SPL meter with a 20-KHz filter; however, no signal in the meter's operational range was detected. Based on measurements of its SPL output and confirmation of stable and consistent ultrasonic frequencies, the YGP unit was considered to be appropriate for testing as a potential ultrasonic deterrent.
Two ultrasonic units were mounted separately on purpose-built stands which were placed back to back. The use of two units simultaneously, one randomly assigned on and one off for each trial was seen as the most expedient way to overcome time and facility-related constraints. The simultaneous presentation of treatments (on) and controls (off) has previously been undertaken in trials with audiogenic deterrents (Shumake et al. 1982) .
Each individual trial proceeded in the following manner: all animals were removed from the enclosure and returned to their individual pens. A coin was tossed to determine which unit would be on and which would be off. Approximately 5 g (level teaspoon) of tuna was placed in front of each unit. The animal indicated by a randomised draw was released by an assistant who remained seated quietly in the doorway of the pen (in an attempt to minimise the influence of observer presence). Notes were made on which lure was eaten first (unit on, unit off, left-hand, or righthand sides) and whether both lures were eaten as well as any novel behaviours exhibited by an individual during the trial. The trial was considered complete either when both lures had been consumed or after ten minutes had elapsed. The dingo was then returned to its pen. As it was possible for an individual to have consecutive trials due to randomised draws, a 10-min rest period was initiated between such trials in an attempt to prevent a lack of interest. Trials were conducted over four consecutive days, with 16 trials attempted each day (4 per dingo). A total of 60 successful trials were conducted.
Statistical analysis consisted of a generalised linear mixed model (GLMM), which was employed to compare both within-and between-subject variation in dingo responses. Models were run in the R statistical software package, version 1.8.1 (R Development Core Team 2003), utilising the glmmPQL procedure of the MASS library (Venables and Ripley 2002) .
Results
The fitted (final) model was as follows: P denotes the predicted probability of 'success', andr the estimated random-effects standard deviation. The expression for x can be solved forP givinĝ
This gives the following results:
The values given above are probabilities, where a probability less than 0.5 indicates a 'failure', defined as 'ate the left-hand side lure first' (FIRSTEAT = 0); while a probability greater than 0.5 indicates a 'success', where a success is defined as 'ate the right-hand side lure first' (FIRSTEAT = 1). It should be noted that success and failure are standard terms used when dealing with binary variables and that no other connotations associated with these terms is implied. The designation of left as a failure and right as a success was purely arbitrary and it could easily have been reversed without altering the resultant interpretation.
The model can be further interpreted as follows. When ON = 0 (i.e. 'left-hand unit operating'), the probability is greater than 0.5, thus a 'success'. When ON changes from 0 to 1 (i.e. 'right-hand unit operating'), the probability is again greater than 0.5, again indicating a 'success'. However, it is important to note that ON is not significant (P=0.1570, a=0.05), indicating that the probabilities given above are statistically indistinguishable: the probability of eating the right-hand lure first is the same regardless of which unit is operating.
While the above interpretation can be considered as the global model, because a GLMM takes into account non-independence in the data, there are separate random intercept estimates for each dingo, thus effectively four separate models. Having derived these expected values calculated by the models, they can be compared with the observed values to evaluate the performance of the model. The easiest form of comparison is to construct a set of contingency tables showing where dingoes were expected and observed to go first (i.e. either left or right, dependent on which unit was ON) and make a simple comparison based on percentages.
For ON = 0, all four equations have a probability greater than 0.5, indicating that all dingoes would be more likely to go right first, and for ON = 1, three values were higher than 0.5, indicating that three dingoes would be more likely to go right first, but one was lower indicating that one dingo would be more likely to go left first. The predicted values are summarised in Table 1. The observed values were simply calculated by tallying what side each dingo went to first compared with which side the operating unit was on across the whole experiment. These values are summarised in Table 2 .
It can be seen that when the right unit was on (ON = 1), the predicted and observed values are close, with only a 4% skew towards eating the left-hand lure first in the observed values. When the left unit was on (ON = 0), however, the model was less accurate, with a 21% skew towards eating the left-hand lure first.
Discussion
The results of this study demonstrate that the ultrasonic unit assessed was ineffective in deterring the four dingo subjects from eating the proffered food lures. Of a total of 60 successfully completed trials, both baits were consumed in 57 cases, a total of 95%. Dixie (twice) and Eenie (once) were the only dingoes to eat a single food lure during an individual trial, and on one of these occasions the uneaten lure was on the unit-OFF side. This would indicate that, overall, the unit did not produce enough of a deterrent effect to dissuade the dingoes from eating the lures on the unit-ON side. Given the criticisms levelled at the analyses commonly used in the ultrasonic deterrent literature (Bomford and O'Brien 1990 ), a GLMM was chosen to provide a more robust and appropriate form of statistical analysis for these data (i.e. data that are highly correlated and have unequal variance, and where there is unequal replication between subjects). Arguably, given the small number of subjects available for this experiment, the statistical power of a GLMM could be brought into question. However, we are unaware of any power tests that could be employed for GLMMs at this time. That aside, a GLMM is one of the few tests suitable for such data. An additional advantage of using such a test is that repeated measures enable an examination of intrasubject variation over time, which, in a larger study, would be useful in detecting behavioural processes such as habituation. The GLMM model chosen, with ON as a fixed effect, while not yielding statistically significant results, did appear to provide a relatively good fit to the data, as seen by the comparison of observed versus expected values. Overall, the model predicted that, regardless of which unit was ON (left or right), the dingoes would eat the right-hand food lure first more than 90% of the time, slightly higher than the observed value of 78%. The ability to break down the model and identify the effect of each subject shows that it was primarily Opal and Wanji, and to a lesser extent Eenie, that drove this trend. Dixie was the only subject in the model to always display a preference for eating the unit-OFF side lure first. The probability of her eating the right-hand lure first when the left-hand unit was ON was 63%, while the probability of her eating the left-hand lure first when the right-hand unit was ON was 58% [recall that the probabilities given are always for eating the right-hand lure first (FIRSTEAT = 1); therefore, the probability of eating the left-hand lure first is 1.00-0.42]. In both cases, this was only marginally more than what would be expected by random chance (i.e. 50%) and is therefore not enough to suggest any noticeable deterrent effect generated by the unit, especially given that ON was not significant.
While it may appear that the preference three of the four subjects (Wanji, Eenie and Opal) showed for eating the right-hand side lure first might be attributable to some effect of the deterrent unit, the cause of this trend was most likely the location of the release points of the individual animals from their respective pens. Opal's release point meant that she had to pass the right-hand unit on her way to the left-hand unit and, subsequently, she always went to the right-hand side first. Eenie and Wanji displayed some interesting behaviour in that, when released from their pens, they often both chose to walk along a concrete path running along the edge of their pens, rather than walking forwards across an open grassed area towards the units. This path-following behaviour often meant that both animals arrived at the right-hand unit first, as the path led almost directly towards that side. Eenie, and to a lesser extent Wanji, showed a lessening of this pathfollowing during the latter half of the experiment. Importantly, this bias for going to the right-hand side first was in no way deemed to be due to any effect generated by the deterrent unit, which is ultimately supported by the fact that the dingoes ate both food lures (including the lure on the unit-ON side) on all but several occasions.
While not discounting the obvious caution required in interpreting these findings, this study concurs with others that found no measurable deterrent effect (Blackshaw et al. 1990; Bender 2001 Bender , 2003 , suggesting that ultrasonic units such as these may be of little use as a deterrent for dingoes, and focus should now be shifted towards investigations of other potential, nonlethal management techniques. 
